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ABSENCE OF KERATINOLYTIC ACTIVITY IN THREE STRAINS
OF CANDIDA ALBICANS*
PEYTON E. WEARY, MD. AND CHARLES M. CANBY, M.S.
Evidence that several strains of Micros porum
canis and Microsporum gypseum possess keratin-
olytic activity on ethylene oxide-sterilized wool
has been presented (1). With a few modifica-
tions, this investigation has been extended to
three strains of Candida albican.s.
There has been disagreement as to whether or
not Candida albicans has keratinolytic activity.
The conclusions of Kapica and Blank (2, 3) that
these organisms can digest hard keratin are in
conflict with the opinions and observations of
others (4—8). This report will present additional
evidence that Candida albicans has no demon-
strable keratinolytic activity.
MATERIALS AND METHODS
I. Preparation of Keratin Substrate:
Wool was cleaned, cut and sterilized with
ethylene oxide as previously described (1). As
before, two gram aliquots of wool were added
to each flask as the substrate.
II. Preparation of Flasks for Inoculation:
The following media were prepared to con-
tain the ingredients listed per 1000 ml of
glass distilled water:
A. Basal Salts Medium:
Fernbach flasks containing 390 ml of this
medium were autoclaved at 15 lbs pressure
for 15 minutes. The final pH after autoclaving
was 8.3—8.4.
B. Basic Medium No.1:
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Fernbach flasks containing 380 ml of these
basic media were autoclaved at 15 lbs pressure
for 15 minutes. To these autoclaved flasks 10
ml of the following Vitamin Supplement Solu-
tion, sterilized by passage through a Selas fil-
ter, were added aseptically. Vitamin Supple-
ment Solution:
Inositol
Thiamine
Biotin
Glass Distilled
Water
The final concentrations of the vitamins in
the supplemented media were: Inositol 200
egm, Thiamine 40 gm and Biotin 2 egm
per 100 ml of media.
III. Preparation of the Yeast Inoculum:
Three strains of Candida albicans (Ameri-
can Type Culture Collection, Strains 3178,
3172 and 3161) were grown on Sabouraud's
dextrose agar slants at 30° C. Organisms,
washed off the slants with physiologic saline,
were used to seed flasks of Czapek-Dox broth
containing Inositol—200 gm, Thiamine—40
gm, Biotin—.2 gm and Kanamycin 100 mgm
per 100 ml. These flasks were incubated at
30° C on a gyrorotary shaker for 10 days. The
contents were centrifuged and the sediment
containing the Candida organisms resus-
pended in basal salts medium containing
Kanamycin 40 mgm/ml. Thus 10 ml of this in-
oculum added to the Fernbach flasks contain-
ing 390 ml of the media would yield a final con-
centration of 1 mgm Kanamycin per ml. The
number of Candida albicans organisms per ml
of the inocula were:
IV. Inoculation of Fernbach Flasks.
The Fernbach flasks containing 390 ml of
each type of medium were divided into the
following groups:
A. Keratin Controls—To which were added
2 gm of sterile wool and 10 ml of the
basal salts solution containing Kana-
mycin (40 mgm/ml).
B. Yeast Controls—To which were added
10 ml of the yeast inoculum.
C. Test Samples—To which were added 2
gm of sterile wool plus 10 ml of the
yeast inoculum.
The flasks were plugged with cotton and
80 mgm
16 mgm
.08 mgm
1000 ml
K2HPO4
MgSO4 7H2O
CaCl2
FeSO4
ZnSO47H2O
1.500gm
0.025 gm
0.025 gm
0.015 gm
0.005 gm
Strain 3161
Strain 3172
Strain 3178
Glucose
K112P04
MgSO4
C. Basic Medium No.2:
KH1PO4
MgSO4
20.0 gm
1.0gm
0.5 gm
1.0 gm
0.5 gm
6.4 X 10
6.7 X 10
5.1 X 10
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gauze, weighed and incubated as either agi-
tated cultures on a gyrorotary shaker at 30° C
or as static cultures at one of three tempera-
tures (35° C, 30° C and room temperature
which ranged from 24° C to 29.5° C).
V. Removal of Samples:
Aliquots (10 ml) were removed from all
flasks at the end of 24 hours, at 7 weeks and
at 10 weeks, unless otherwise specified. Prior
to removal of samples the flasks were re-
weighed and appropriate amounts of sterile
basal salts solution added to each flask to
restore the volume lost by evaporation since
the previous sampling.
Portions of each sample were added to thio-
glycollate broth and Sabouraud's dextrose agar
to test for bacterial or fungal contamination.
Prior to the use of Kanamycin much difficulty
had been encountered with bacterial contam-
ination of those flasks containing wool sam-
ples (presumably the result of spore forms
resistant to ethylene oxide) but this was
largely eliminated by the use of this anti-
biotic.
VI. Determination of Soluble Sulfhydryl-Contain-
ing Compounds and Protein:
Portions of the supernate of the centrifuged
aliquots were analyzed for the content of
soluble sulfhydryl-containing compounds by
the spectrophotometric method of Boyer (9)
and amperometrically as previously described
(1). Protein content of the supernate was de-
termined by the method of Lowry et al. (10)
Values of soluble sulfhydryl-containing com-
pounds are expressed in terms of equivalence
to micrograms of cysteine per ml of medium,
and protein values are expressed in terms of
micrograms of protein per ml of medium.
RESULTS
The results of the investigation of the three
strains of Candida albicans are presented in
Tables I through V and in Figures 1 through 9.
In all figures the values for the Keratin Controls
are added to those of the Yeast Controls to pro-
vide a basis for comparison with the Test Sam-
ples containing both keratin substrate and yeast
organisms. As previously emphasized (1) cor-
rect interpretation of the data presented depends
upon recognition of the fact that the significant
factor is not an absolute value for soluble sulf-
hydryl-eontaining compounds or for protein but
rather the difference in values between the sum
of the controls and the test samples.
Table I, Figures 1, 2, 3: No significant differ-
ence can be observed between the release of solu-
able sulfhydryl-containing compounds or protein
by three strains of Candida albican.s at various
TABLE I
Three strains of Candida albieans—Keratin Con-
trols and Test Samples incubated at various
temperatures in basal salts medium
35° C
Keratin
Controls
Average
30° C
Keratin
Controls
Average
Room temp.
Keratin
Controls
Average
1.0
0.0
0.5
7.9
9.0
8.5
9.0
9.0
9.0
40.0
40.0
40.0
0.0
0.3
0.1
5.7
5.9
5.8
13.5
9.0
11.2
35.5
39.0
37.2
0.7
0.0
0.3
3.5
6.0
4.7
16.5
13.5
15.0
25.0
28.5
26.8
35° C
Strain 3178
Control
Test Sample
30° C
Control
Test Sample
Room temp.
Control
Test Sample
0.5
0.8
0.7
0.0
0.5
0.0
0.7
10.0
0.7
6.9
0.8
7.2
4.5
4.5
4.5
4.5
4.5
0.0
9.5
24.0
7.5
20.0
4.5
39.0
35° C
Strain 3172
Control
Test Sample
30° C
Control
Test Sample
Room temp.
Control
Test Sample
0.8
0.7
0.5
0.7
0.7
0.5
0.7
11.4
1.0
7.6
0.5
5.3
4.5
4.5
4.5
4.5
0.0
3.5
7.5
22.0
4.5
17.5
4.5
14.0
35° C
Strain 3161
Control
Test Sample
30° C
Control
Test Sample
Room temp.
Control
Test Sample
0.4
0.8
0.7
0.7
0.5
0.5
0.4
10.0
1.9
6.7
0.8
5.2
5.5
0.0
0.0
9.0
4.5
4.5
4.0
25.0
10.5
15.0
4.5
13.0
sulfbydryl deter- I
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tions in micrograms
protein per ml
medium
24 hrs 7 wks 24hrs 7 wks
120 II
10
9n 80 7
C-, 5
m 2
ICC
90
80
70
60
• 50
40
,,, 30
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temperatures when grown in basal salts medium
using ethylene oxide-sterilized wool (5 mgm/ml)
as a substrate. Figure 1 illustrates values for
soluble sulfhydryl-containing compounds and
protein for strain 3178, Figure 2 the values for
strain 3172 and Figure 3 values for strain 3161.
In all but one sample protein values for the con-
trols are higher at the end of the incubation pe-
riod than are those of the test samples. This
probably indicates utilization by the Candida
organisms of soluble non-keratinous protein de-
rived from the wool.
Table II, Figures 4, 5, 6: Use of medium con-
taining glucose, salts and growth factors (Basic
Medium No. 1 plus vitamin supplement) identi-
cal to that employed by Kapica and Blank, (2,
3) along with ethylene oxide-sterilized wool (5
mgm/ml) as a substrate, failed to reveal evidence
of release of soluble sulfhydryl-containing com-
pounds and protein from wool by the same three
strains of Candida albicans (Figure 4 shows
graphically values for strain 3178, Figure 5
shows strain 3172 and Figure 6 shows strain
3161). As before, protein values for the controls
are higher at the end of the incubation period
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Sulihydryl deter-
minatios Sri
micrograms cysteine
per nil medium
24 hrs 10 wks
Protein determina-
tions in micrograms
protein per ml
medium
24 hrs 10 wks
30° C
Test Sample
"
Average
Room temp.
Control
Test Sample
4.7
5.0
4.8
2.0
4.3
2.7
3.5
3.1
0.7
3.5
120.0
120.0
120.0
100.0
0.0
220.0
220.0
220.0
160.0
220.0
280.0 than are those of the test samples and in this in-
stance values for soluble sulfhydryl-containing
300 0 compounds actually fell during the period ofincubation. This perhaps indicates somewhat
greater utilization of these compounds by the
organisms in the presence of glucose and growth
factors but no evidence of significant release of
these compounds is observed when values for the
controls are compared with values for the test
samples.
Table III, Figure 7: On the premise that per-
haps the presence of glucose might retard the
organisms' dependency on wool as a substrate,
the same medium was used without the glucose,
(Basic Medium No. 2 plus vitamin supplement)
and containing ethylene oxide-sterilized wool (5
mgm/ml) as the only substrate. In this series
only two temperatures were employed, 350 C
and 30° C, and only soluble sulfhydryl-contain-
ing compounds were measured. Figure 7 illus-
trates findings for all 3 strains and shows no
evidence of release of soluble sulfhydryl-contain-
ing compounds. Thus the presence or abscence of
glucose in the medium does not influence the
observations.
Table IV, Figure 8: Comparison of release of
soluble sulfhydryl-containing compounds from
ethylene oxide-sterilized wool (5 mgm/ml) in
basal salts medium when constantly agitated on
a gyrorotary shaker with values for static cul-
tures at the same temperature (30° C) shows
no significant difference between values for static
and those for agitated cultures.
Table 1/, Figure 9: To determine whether a
longer incubation period would influence the re-
sults, in contrast to the 70 day incubation period
_______ ordinarily used, another series of flasks were
TABLE II TABLE TI—Continued
Three strains of Candida albicans—Keratin Con-
trols and Test Samples incubated at various
temperatures in basic medium No. I pins vitamin
supplement
Sulfhydryl deter-
minations in
micrograms cysteine
per ml medium
Protein determina-
tions in micrograms
protein per ml
medium
24 hrs 10 wks 24 hrs 10 wks
35° C
Keratin
Control
30° C
Keratin
Control
Room temp.
Keratin
Control
300.00.8
2.0
1.5
0.5
0.0
0.0
180.0
150.0
150.0
35° C
Strain 3178
Control
Test Sample
30° C
Control
30°C
Test Sample
"
Average
Room temp.
Control
Test Sample
2.3
2.8
3.0
4.2
3.7
3.9
2.5
3.3
0.3
1.5
0.5
0.7
0.7
0.7
0.7
—
45.0
45.0
100.0
100.0
80.0
90.0
100.0
45.0
100.0
200.0
100.0
210.0
180.0
195.0
140.0
—
35° C
Strain 3172
Control
Test Sample
30° C
Control
30° C
Test Sample
"
Average
Room temp.
Control
Test Sample
2.8
3.8
4.0
3.7
3.5
3.6
1.5
4.8
0.5
1.3
0.5
1.5
1.2
1.3
0.2
1.2
100.0
120.0
120.0
120.0
120.0
120.0
150.0
140.0
220.0
200.0
180.0
200.0
180.0
190.0
180.0
160,0
35° C
Strain 3161
Control
Test Sample
30° C
Control
3.7
4.8
2.7
0.0 100.0
2.3 100.0
0.0 90.0
140.0
230.0
140.0
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incubated for 90 days. In these flasks a smaller
quantity of wool (1.25 mgm/ml) and smaller
yeast inocula were used along with basal salts
medium and incubation carried out at 300 C
as static cultures. There was no evidence that
lengthening the period of incubation enhances
the probability of demonstrating release of solu-
ble sulfhydryl-containing compounds in the test
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samples in amounts oonvinoingly greater than in
the sum of the control flasks.
DISCUsSION
The evidence presented demonstrates no
keratinolytic activity by any of the three strains
of Candicla albicans under the experimental
conditions outlined. This was not the result of
death of the organisms since aliquots of all
flasks contained viable organisms at the end of
the period of observation. The experimental con-
ditions were, for part of this investigation, iden-
tical to those used to demonstrate significant
keratinolytic activity of Micros porum conis and
Microsporum gypseum (1).
Kapica and Blank (2, 3) concluded from their
observations on Can dida olbican.s and Candida
parapsilosis that these organisms possess kern-
tinolytic activity, and hence, our results are in
disagreement with their conclusions. We believe
the discrepancy may hinge upon differences in
interpretation of the observations as well as upon
significant differences in technics. They base their
conclusions upon data derived from the use of
ball-milled, heat sterilized hoof keratin as a
substrate whereas we used hand-cut, ethylene
oxide-sterilized wool as a substrate. In prelimi-
nary experiments Kapica and Blank used ethyl-
ene oxide-sterilized keratin and observed no
degradation of this material by the organisms.
They interpreted inability of the organisms to
degrade ethylene oxide-sterilized kcratin as in-
dicative of alteration of the keratin in some
fashion to render it less digestible. They cite a
report by Phillips (11) as indicating that sig-
nificant alteration of keratin results from ethyl-
ene oxide sterilization. Phillips, in turn, cites
Fracnkel-Conrat (12) as the source for his in-
formation on the subject but this article (12)
provides no experimental evidence that ethylene
oxide sterilization increases the resistance of
keratin to enzymatic activity. On the contrary,
our evidence demonstrates that ethylene oxide
sterilization renders wool slightly less resistant
to tryptic digestion (1).
We agree with Noval and Nickerson (13)
that ball-milling and heat sterilization are unac-
ceptable methods of preparation of a keratin
substrate because they greatly diminish the re-
sistance of keratin to enzymatic digestion and we
support their belief that ethylene oxide is a
more acceptable method of sterilization.
Our conclusions are essentially in agreement
with those of other workers. English (4) was
unable to observe visible attack on hair by
Candida olbicans and Vanbreuseghem (5, 6)
Fm. 6
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TABLE III
Three strains of Candida albicans—Keratin Con-
trols, Yeast Controls and Test Samples incubated
at various temperatures in basic medium No. 2
plus vitamin supplement
Sulfhydryl determinations in
micrograms Cysteifle
per ml medium
24 hrs 10 wks
350 C
Keratin Control
30° C
Keratin Control
2.7
1.7
0.2
1.0
35° C
Strain 3178
Control
Test Sample
30° C
Control
30° C
Test Sample
"
Average
1.7
3.5
1.2
3.0
2.2
2.6
2.7
3.7
2.7
3.0
3.2
3.1
0.0
1.0
3.0
1.2
1.0
1.1
0.0
0.7
1.2
0.7
1.0
0.8
35° C
Strain 3172
Control
Test Sample
.0° C
Ccntrol
:10° C
Test Sample
"
Average
35° C
Strain 3161
Control
Test Sample
30° C
Control
30° C
Test Sample
"
Average
2.7
2.7
3.0
3.2
2.7
2.9
0.5
0.7
0.7
0.5
1.2
0.8
.E E
EEE
TABLE IV
Effect of static versus agitated cultures upon the three
strains of Candida albicans incubated at 30° C
in basal salts medium
Time in Days Tune in Days
Fig. 7
Static
Sulfhydryl de-
terminations in
micrograms
cysteine per ml
medium
24 hrs 7 wks
0.0 5.7
Agitated
Sulfhydryl de-
terminations
in micrograms
cysteine per ml
medium
24 hrs 7 wks
0.0 6.0Keratin Control
Strain 3178
Control
Test Sample
0.1
0.0
0.5
6.9
0.1
0.5
0.0
6.9
Strain 3172
Control
Test Sample
0.5
0.8
1.0
7.4
0.1
1.2
0.0
6.3
0.5
6.3
Strain 3161
Control
Test Sample
0.0
0.8
0.3
6.9
0.0
1.2
found that Candida albicans did not penetrate
hairs. McQuade noted no evidence that Candida
albicans could cause disintegration of wool
sterilized in acetone. Baxter (8) recently ex-
pressed doubts that Candida albicans is kera-
tinophilic since this organism did not discolor
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TABLE V
Effect of a longer incubation period upon three
strains of Candida albicans incubated at 300 C
in basal salts medium and vtilizing smaller yeast
and wool inocula
Sullhydryl determinations
in micrograms cysteine
per ml medium
2 days 20 days 36 days 90 days
Keratin Control 0.0 1.0 2.1 2.9
Strain 3178
Control
Test Sample (Aver.
of 4 flasks)
0.0
0.0
0.2
1.0
0.7
1.8
0.8
1.9
Strain 3172
Control
Test Sample (Aver.
of 4 flasks)
0.0
0.0
0.3
1.2
1.0
3.2
1.0
4.2
Strain 3161
Control
Test Sample (Aver.
of 4 flasks)
0.0
0.0
0.5
1.5
1.0
2.5
0.5
3.1
ink blue whereas all of the keratophilic dermato-
phytes did discolor ink blue. The exact signifi-
cance of these observations awaits further clari-
fication.
We have previously presented evidence that
Microsporum canis and Micros porum gypseum
can digest ethylene oxide-sterilized wool (1)
and we have now demonstrated that Candida
albicans does not possess the ability to digest
hard keratin. It should be stressed, however,
that these observations are for a particular set
of conditions of PH, temperature, etc. and for
a particular substrate, i.e. wool keratin. They
do not permit sweeping conclusions about the
ability of these organisms to digest other forms
of keratin under other conditions.
SUMMARY
1. Evidence is presented that three strains of
Candida albicans are not able to release signifi-
cantly greater amounts of soluble sulfhydryl-
0
Fig. 8 5.
4.
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containing compounds and protein from ethyl-
ene oxide-sterilized wool than is released in
control samples.
2. The conclusion is drawn that Candida
albicans probably does not possess keratinolytic
abilities.
3. The reasons for this conclusion, which
differs from that of some other investigators, are
presented.
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